1. Introduction
===============

Endometriosis (EMs) refers to the presence of functional endometrium (glands and mesenchymal cells) outside the uterine cavity.^\[[@R1]\]^ The ectopic endometrium invades distant parts of the body and is most commonly seen in ovaries, uterosacral ligaments, and peritoneum. Although the pathological morphology appears benign, but it has the ability to plant, erode, and metastasize like malignant tumor,^\[[@R2]\]^ and hence called "benign gynecological disease similar to cancer." With the changes in environment and speed up of the work rhythm, the incidence of endometriosis is rising and trending in younger women. Due to its malignant behavior, the vast number of women had great physical and mental damage. Therefore, the pathogenesis of endometriosis grabbed the attention of many scholars, becoming the research hotspot in the field of gynecological diseases recently.

hScrib is a human homolog of Drosophila. As a transmembrane protein, it is localized at the broad basolateral membrane and extensive cell--cell boundaries in the epithelium.^\[[@R3]\]^ hScrib has recently been identified in the establishment of apical-basal polarity and acts as an integrity determinant in the epithelia, and plays a critical role in enhancing cell--cell adhesion and inhibition of cell proliferation and migration.^\[[@R4]\]^ Numerous studies have shown that hScrib was unusually reduced in many types of human malignancies,^\[[@R5]\]^ such as cervical cancer, endometrial cancer, breast cancer, colon cancer, etc., and as a tumor suppressor is involved in the pathogenesis of several different types of malignant tumors.^\[[@R6]--[@R10]\]^ We believe that hScrib might be involved in the pathogenesis of endometriosis as the ectopic endometrial cells have malignant potential.

Hence, the hScrib involvement in the progression of endometriosis and its specific role need to be addressed. Our study investigated the localization and expression of hScrib and E-cadherin, an EMT (epithelial--mesenchymal transition) protein in endometriosis, analyzed the relationship between the protein expression of hScrib and the clinical parameters of endometriosis. Also the expression of hScrib was compared among the disease conditions, such as endometrium, ovarian endometriosis and endometrial adenocarcinoma.

2. Materials and methods
========================

2.1. Reagents and materials
---------------------------

ELISA Kit was purchased from R&D Systems (Minneapolis, MN). Goat antihuman hScrib and mouse antihuman E-cadherin antibodies were purchased from R&D Systems (Minneapolis, MN). Donkey antigoat and rabbit antimouse secondary antibodies (Labelled Polymer-HRP, Dako). Allexa 488 and Alexa-568 conjugated antibodies (Invitrogen, Eugene, OR).

2.2. Clinical data
------------------

This was a retrospective study of 240 women in our hospital between January 2014 and January 2017.We collected serum and tissues samples from 80 ovarian endometriosis patients, 80 endometrial adenocarcinoma patients and 80 women donor venous blood specimens. The stages of endometriosis were I--II--III--IV as classified by r-AFS stage in all the 20 cases. According to the FIGO classification of endometrial carcinoma,^\[[@R11]\]^ 80 cases were classified as clinical stages I and II, with 40 cases each. These patients received no medication for at least 6 months before surgery. Patient\'s age ranged between 23 and 55. All the specimens were confirmed by postoperative pathology and had complete clinical information. Women donors live in Beijing for more than 10 years. They were all in good health through complete physical examination in the outpatient department of our hospital. The examinations of blood bio-chemistry laboratory and tumor markers were normal. Virus serology examination was negative. The x-ray and imaging examinations were normal. They had no past history of internal medical, surgical, gynecological, tumor, infectious, and mental diseases (including no endometriosis).

2.3. Collection of samples
--------------------------

The study protocol was approved by the institutional review board of Beijing Tongren Hospital of Capital Medical University. After obtaining the written informed consent, undergoing surgery, the cyst walls were obtained from ovarian endometriosis patients (n = 80), the malignant tumor tissue samples were got from uterine cavity of endometrial adenocarcinoma patients (n = 80), the venous blood samples were form all patients (n = 160) and women donors (n = 80). Because endometrium can only be obtained through surgery, and a highly trauma, it cannot be obtained from healthy female volunteers. So the endometria in our study were obtained by curettage from patients with ovarian endometriosis when surgery.

Tissue samples were collected under sterile conditions and transported to the laboratory by placing them on ice in PBS. The venous blood samples were first centrifuged for a speed of 4000 r/min at 4°C for 15 minutes to obtain serum. Then the supernatants were transferred into 1.5 mL microcentrifuge polypropylene tubes, stored at −80°C in a freezer prior to use. When analyzed, the serum samples were melted on ice, centrifuged at 12000 r/min at 4°C for 15 minutes to remove the impurities. Few tissue samples were fixed with 4% polyformaldehyde and made into paraffin tissue blocks for immunohistochemistry. The other tissue samples were embedded in OCT compound, snap frozen in liquid nitrogen, and stored at −80°C in a freezer until analysis.

2.4. ELISA analysis
-------------------

The serum concentration of soluble hScrib and E-cadherin were measured using a specific ELISA kit (Genzyme/Techne, Minneapolis, MN) based on monoclonal antibodies. All samples were measured by an investigator who was blinded to the clinical details and coded data sheet. Each sample was measured twice. Serum was diluted according to the manufacturer\'s protocol. Preparation of microtiter plates including coating with diluted supernatant and standard solutions, washing and blotting were performed. Then the microtiter plates were incubated at 37°C for 60 minutes with 100 μL/well of hScrib and E-cadherin primary antibodies. The samples were washed, and then 100 μL HRP-labeled secondary antibodies were added to each well, incubated in a humidified box under 37°C for 30 minutes. After washing, 100 μL of substrate solution was added to each well and showed a dark color for 20 minutes. Then add 100 μL termination liquid to complete the experiment. The reaction resulted in color development with intensities proportional to the concentrations of hScrib and E-cadherin that were presented in the samples and standards. The color developed was measured with the micro-titre plate reader for measuring the absorbance at 450 nm. Accurate sample concentrations of hScrib and E-cadherin were determined by comparing the specific absorbances with those obtained from the standards plotted on a standard curve. Serum levels were expressed as mg/l. Values were standardized against the controls to generate relative fold change.

2.5. Immunohistochemistry
-------------------------

Paraffin-embedded tissue specimens were sliced at a 5 μm thickness. These slide sections were deparaffinized and rehydrated. Antigens were retrieved by buffer at 98°C. Endogenous peroxidase was blocked by incubation for 20 minutes with a solution of 1% hydrogen peroxidase. After blocking with nonspecific staining blocking reagent, the sections were incubated with goat antihuman hScrib antibody (Santa Cruz Biotechnology, Santa Cruz, CA) diluted at 1:1000 in PBS for 60 minutes at room temperature. After which, the samples were incubated with donkey antigoat secondary antibody (Labelled Polymer-HRP anti-Goat, Dako) for 30 minutes. Staining was performed using the vector novaRED substrate kit (funakoshi). All sections were counterstained with hematoxylin and evaluated under a light microscope. As a positive control, we stained MDCK cells.

Immuno-reactive expressions of hScrib were used to determine the percentage of positive cells and the intensity of staining. Score according to the intensity and range of the staining. Dyeing intensity: colorless (0 score), pale yellow (1 score), pale brown (2 score), brown (3 score). Dyeing range: \< 5%(0 score), 5% ∼ 25%(1 score), 26%-- 50% (2 score), \>50% (3 score). The intensity and range of the staining accumulated 0--1 score are negative (--), 2--3 score are weak positive (+), 4--5 score are positive (++), and 6 score are strongly positive (+++).

2.6. Immunofluorescence
-----------------------

Endometriotic tissue samples were washed in PBS, embedded in OCT compound (Sakura, Tokyo, Japan), and snap frozen in liquid nitrogen. Cryo-sections were cut at 8 μm thickness and mounted on poly-[L]{.smallcaps}-lysine-treated slides. Sections were then fixed in acetone for 30 minutes on ice and washed in PBS for 5 minutes twice. After blocking with nonspecific staining blocking reagent, the sections were incubated with goat anti-hScrib antibody and mouse anti- E-cadherin diluted at 1:1000 in PBS for 60 minutes at room temperature and incubated with donkey antigoat and rabbit anti-mouse Allexa 488 and 568 conjugated antibodies (Invitrogen, Eugene, OR) for 30 minutes and avoided direct light. Expression of protein was investigated under confocal fluorescence microscopy.

2.7. Statistical analysis
-------------------------

Data were evaluated using SAS 9.4 using analysis of variance and Spearman correlation. *P \< *.05 was accepted as statistically significant.

3. Results
==========

3.1. Serum expressions of soluble hScrib and E-cadherin in the women donors, ovarian endometriotic patients and endometrial adenocarcinoma patients
---------------------------------------------------------------------------------------------------------------------------------------------------

As shown in Figure [1](#F1){ref-type="fig"}, the serum concentration of soluble hScrib among women donors ranged from 0.423 to 1.778 mg/L, with a mean value of 1.169 ± 0.356 mg/L. In endometriosis, the concentration was 2.924--5.561 mg/L, with an average of 4.562 ± 0.315 mg/L. The serum hScrib concentration of endometrial adenocarcinoma was 4.423 to 8.678 mg/L, with an average of 6.173 ± 0.325 mg/L. Variance among the 3 groups was statistically significant (*P \< *.05).

![The serum concentration of soluble hScrib among women donors ranged from 0.423 to 1.778 mg/L, with a mean value of 1.169 ± 0.356 mg/L.](medi-98-e14076-g001){#F1}

Figure [2](#F2){ref-type="fig"} showed that the serum expressions of soluble E-cadherin in women donors ranged from 3.586 to 6.178 mg/L, with a mean value of 4.295 ± 0.531 mg/L, and in endometriosis was 6.429--9.316 mg/L, with an average of 7.534 ± 0.529 mg/L. The serum E-cadherin concentration in endometrial adenocarcinoma was 8.734--11.712 mg/L, with an average of 9.253 ± 0.568 mg/L. The variance among the 3 groups was statistically significant (*P \< *.05). In addition, the mean value of serum concentration of soluble hScrib in stage IV endometriosis was 5.126 ± 0.371 mg/L, and in stage I endometrial carcinoma was 5.229 ± 0.393 mg/L., the results were similar.

![The serum expressions of soluble E-cadherin in women donors ranged from 3.586 to 6.178 mg/L, with a mean value of 4.295 ± 0.531 mg/L, and in endometriosis was 6.429--9.316 mg/L, with an average of 7.534 ± 0.529 mg/L.](medi-98-e14076-g002){#F2}

These results indicated that both hScrib and E-cadherin showed an increasing trend in the serum concentration expressions in the healthy female volunteers, endometriosis, and endometrial adenocarcinoma. In addition, the serum concentrations of soluble hScrib and E-cadherin in endometriosis were positively correlated with Spearman analysis (*r* = 0.583).

3.2. Immuno-reactive expressions of hScrib in the endometrial tissues, emdometriotic tissues, and endometrial adenocarcinoma tissues
------------------------------------------------------------------------------------------------------------------------------------

As shown in Table [1](#T1){ref-type="table"}, hScrib positive rate was highest in the endometrial tissues, followed by ovarian endometriotic tissues, and with the lowest being in the endometrial adenocarcinoma tissues. Comparison of the differences among the 3 groups were statistically significant.

###### 

Expression of hScrib in tissues.

![](medi-98-e14076-g003)

Figure [3](#F3){ref-type="fig"} showed that the positive cells stained for hScrib were present at the cell--cell boundaries and at broad basolateral membrane of the glandular epithelium of the endometrium, and were strongly positive. Positive and strongly positive expressions of hScrib were frequently presented in the cases of early stages (I and II) endometriosis. Priority to the broad basolateral membrane position was given. Figure [4](#F4){ref-type="fig"} showed that both in endometriosis of advanced stages (III and IV) and endometrial adenocarcinoma of early stages (I and II), the immune-reactive hScrib localization was changed from membrane to cytoplasm. hScrib expressions were often weakly positive, and the 2 expression intensities were similar. In addition, the expression of hScrib in endometriosis was negatively correlated with the stage of endometriosis as classified by r-AFS system using Spearman correlation analysis (*r* = −0.412).

![The positive cells stained for hScrib were present at the cell--cell boundaries and at broad basolateral membrane of the glandular epithelium of the endometrium, and were strongly positive.](medi-98-e14076-g004){#F3}

![Both in endometriosis of advanced stages (III and IV) and endometrial adenocarcinoma of early stages (I and II), the immune-reactive hScrib localization was changed from membrane to cytoplasm.](medi-98-e14076-g005){#F4}

3.3. Fluorescent staining of hScrib and E-cadherin in endometriosis
-------------------------------------------------------------------

As shown in Figure [5](#F5){ref-type="fig"}, immunofluorescence confocal microscopy was provided further evidence for the co-localization of hScrib with E-cadherin. hScrib was labeled with green fluorescent dye and E-cadherin was labeled with red fluorescent dye. Fusion of the colors produced yellow color, which was used to quantify co-localization of hScrib and E-cadherin. Confocal microscopy revealed co-localization of hScrib with E-cadherin at the extensive cell--cell boundaries and broad basolateral membrane in the glandular epithelium of the ovarian endometriosis with stage I.

![Immunofluorescence confocal microscopy was provided further evidence for the co-localization of hScrib with E-cadherin. hScrib was labeled with green fluorescent dye and E-cadherin was labeled with red fluorescent dye.](medi-98-e14076-g006){#F5}

4. Discussion
=============

In the present study, we first demonstrated that the expression of hScrib was almost present at the broad basolateral membrane of the glandular epithelium and at the cell--cell boundaries in normal endometrium and stages I--II ovarian endometriosis, but the expression was rarely observed in the plasma. With the progression of clinical stage, the expression of hScrib becomes weaker and weaker, and the hScrib localization was changed from membrane to cytoplasm in the advanced stages of III-IV ovarian endometriosis and early stages of I--II endometrial adenocarcinoma. Our data showed the evidence of involvement of hScrib in the maintenance of tissue architecture, integrity, and polarity of cell in endometriosis for the first time. By reducing the cell--cell adhesion and connection, producing ectopic endometrial cells were pulled away from the original lesions. This resulted in the spread and distant metastasis, promoting the development of endometriosis. In addition, we also found that the concentrations of hScrib in serum were similar, and the immuno-reactive hScrib localization and intensity were near to stage IV endometriosis and stage I endometrial adenocarcinoma. This also proved that the ectopic endometrial cells of r-AFS stage IV in morphology and biology were close to the endometrial glandular cancer cells of FIGO stage I, and the ectopic endometrial cells indeed has the potential for malignant transformation.

E-cadherin is a transmembrane protein, which plays a very important role in cell--cell adhesion and connection, and is essential for apical/basal polarization, morphological and organizational structure maintenance of the epithelial cells. E-cadherin was widely considered to be an important tumor suppressor, could be disrupted during the process of human malignancies.^\[[@R12],[@R13]\]^ Several reports suggested that the serum expression of soluble E-cadherin in many human epithelial malignant tumors was significantly higher than the healthy donors. The appearance of E-cadherin fragments in blood might be the cause of protein degradation in tumor cells. Hence, many scholars have suggested that serum soluble E-cadherin can act as one of the important markers in diagnosing epithelial malignancy.^\[[@R14],[@R15]\]^ Jedryka found that the serum concentration of soluble E-cadherin in patients with endometriosis was also significantly higher than that in healthy women,^\[[@R16],[@R17]\]^ and our study showed similar results. The reason may be that the ectopic endometrial cells also have the ability to promote proteolysis due to the molecular biological characteristics of malignant tumor cells. We then showed that the serum expressions of soluble hScrib and E-cadherin in endometriosis patients were both elevated, and their expressions were positively correlated. Therefore, we hypothesized that hScrib and E-cadherin might be applied in future clinical practice as 2 new markers for serological diagnosis of endometriosis. Our results provided a preliminary experimental basis and research direction. However, the cut-off value of the 2 diagnostic indexes and association with clinical stage in endometriosis still needs to be further elucidated.

The retrograde menstruation theory of Sampson is the most widely accepted theory to explain the pathogenesis of endometriosis. The pathogenesis of endometriosis involves adhesion, invasion, and angiogenesis processes.^\[[@R18]\]^ However, since retrograde menstruation occurs in most of the reproductive aged women, it is clear that there must be other factors that contribute to the implantation of endometrial cells and their subsequent development into endometriotic disease. In the recent years, based on the systemic research data of endometriosis, Professor Lang Jinghe proposed a new theory for endometriosis, the "Eutopic endometrium determination theory." The eutopic endometrium of women with endometriosis has some fundamental molecular differences compared to the eutopic endometrium of women without endometriosis. These differences determine the susceptibility to develop into endometriosis. There is substantial evidence to support that the alterations including number and activation of adhesion molecules contribute to the pathogenesis of endometriosis. E-cadherin, a typical adhesion molecule, was associated with abnormal expression in endometriosis.^\[[@R19],[@R20]\]^ E-cadherin may play a possible role in the migration and dissemination of ectopic endometrial cells.^\[[@R19]\]^

It is generally conceptualized that E-cadherin is a key factor in the EMT process. The changes of E-cadherin, N-cadherin, and Snail remain important characteristics of EMT process. EMT is defined as epithelial cells, having polarity, compact connection, and strong adhesive force transform into nonpolar, and liquid mesenchymal cells. EMT is characterized by lost polarity, cytoskeleton remodeling, weakened adhesion, and enhanced migration. The process of EMT was involved in many human malignant tumors.^\[[@R21]--[@R25]\]^ It was also widely reported that EMT is a promoting factor that promotes the formation and metastasis of ectopic lesions in the pathogenesis of endometriosis.^\[[@R26],[@R27]\]^ The expressions of hScrib and E-cadherin in ectopic tissues were significantly reduced. E-cadherin downregulation indicated the occurrence of EMT, which also confirms the metastasis and invasion of endometriosis related to EMT. Our study demonstrated the co-localization of hScrib with E-cadherin at broad basolateral membrane of the glandular epithelium and at the extensive cell--cell boundaries in endometriosis. Our data showed that hScrib may participate in the process of endometriosis contributed to EMT by regulating the expression of E-cadherin.

The limitation of the present study is that the endometriotic tissues were obtained from ovarian endometriomas. It has been argued that ovarian endometrioma is a different entity from peritoneal endometriosis. Therefore, it remains possible that non-ovarian endometriotic cells may show different responses from the present results.

In summary, the present study demonstrated that the decreased expression and mis-localization of hScrib was associated with clinical stage of endometriosis. As a direct mediator for the maintenance of integrity, polarity of cell and cell--cell adhesion and contribute to EMT by regulating E-cadherin, we suggested that hScrib may be an important player in the development of endometriosis. In addition, we found that the serum concentrations of soluble hScrib and E-cadherin were significantly increased in endometriotic patients. Further studies are warranted to study regarding the 2 new markers in serological diagnosis of endometriosis. In future, we increase the sample size to further investigate the detailed gene and molecular biological effects of hScrib in the pathophysiology of endometriosis. Further studies using in vivo animal models would be warranted to elucidate a definitive role of hScrib in endometriosis.

Author contributions
====================

OZ conceived and supervised the study; OZ designed experiments; SJ performed experiments; TX provided new tools and reagents; CM analysed data; OZ wrote the manuscript; ZJ made manuscript revisions. All authors reviewed the results and approved the final version of the manuscript.

**Conceptualization:** Zhuo Ouyang.

**Data curation:** Minxiu Chen, Jinping Sun.

**Investigation:** Jinping Sun.

**Methodology:** Zhuo Ouyang, Minxiu Chen, Jinping Sun.

**Project administration:** Zhuo Ouyang.

**Resources:** Jianjun Zhai.

**Software:** Minxiu Chen.

**Supervision:** Zhuo Ouyang.

**Visualization:** Jianjun Zhai.

**Writing -- original draft:** Zhuo Ouyang, Jianjun Zhai.

**Writing -- review & editing:** Zhuo Ouyang.

Abbreviations: EC = endometrial adenocarcinoma, EM = endometrium, Ems = endometriosis, EMT = epithelial--mesenchymal transition.

Consent for publication: Not applicable.

Ethical approval: All procedures performed in studies involving human participants were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki Declaration and its later amendments or comparable ethical standards.(Ethical approval number:TRECKY-231).

Funding: This study was supported by National Natural Science Fund for the year 2011 (No. 8100409).

The authors have no conflicts of interest to disclose.
